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SUMMARY

investigateion has been made in the Langley high-speed 7-by
tunnel to determine some effects of tail height and wing plan
the static longitudinal stability characteristics of a complete,

small-scale model at high sulsonic speeds. The model had both a low-tail
position (wing chord plane extended) and a high-tail position (65 percent
semispan above the wing chord plane extended). The wings were 4 percent
thick, had an aspect ratio of 3, and had various taper ratios and angles
of sweep. Three wings had a taper ratio of 0.50 and qusrter-chord sweep
angles of 25°, 30°, and 35°; whereas the fourth wimg had 30° of sweep and
a taper ratio of 0.20. The wch nunber range ~ded from about 0.80
to 0.94 with corresponding Reynolds ntiers ranging from *out

1.17 x 106 to I..~ x ~06 for average test conditions.

The drag due to lift increases with increasing sweep thrcugh the
Mach nuniberrsnge. Sane increase in bag due to lift
decrease in taper ratio for wings having 300of sweep
the speed range.

In relation to the pitch-up problem in the speed
herein, no very definite advantsge of my of the wing

is evident with
through most of

range investigated
plsn forms was

reslized for the tail-off configurations. At low Mach nunbers (M = 0.80),
the high-tail configuration provides, in genersl, the most nearly linear
pitching-moment curves at angles of attack below approximately 160for
all wing plan forms. Unstsble bresks occurred shove this angle of attack
for all wing plan forms at the lower Mach nunibers,but not at the highest
test Mach nunber. The low-tail arrangement provides, in general, stable
bresks and fairly linesr pitching-mment curves shove an singleof attack
of approximately ho for sll wing plsn forms at the low Mach nunibersbut
not at the highest test Xach mmiber.

~supersedes recently declassified NACA Research Memorsndu L54G12
by Albert G. Few, Jr., and Thomas J. King, Jr., 1954.
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INTRODUCTION

Some present-day aircraft, both research and production types,
having highly sweptback wings, exhibit undesirable pitch-~ tendencies
at low and moderate lift coefficients through both the subsonic and
transonic speed ranges. These characteristics csm make it difficult to
employ the aircraft as a satisfactory gun platform under certain condi-
tions. In addition, the design load factor can be exceeded as a result
of the pitch-up caused by nonlinesrities in the pitching-moment curve.
In general, satisfactory pitching-moment characteristics sre obtained
only by giving due consideration to many factors - such as, aspect ratio

(ref. 1), thickness ratio, sweep angle, tail location, and the wing
leading-edge configuration.

The purpose of this investigationwas to determine the effects of
variation in wing sweep angle between 25° and 35°on the longitudinal
stability characteristics of a model at high subsonic speeds and also to
determine the extent to which these characteristicsmay be altered by
various tail locations.

Four wings hating an aspect ratio of 3,NACA 65AO04 airfoil sections
parallel to the free streem, various angles of sweep with respect to the
qusrter-chord line, and vsrious taper ratios were used in the investiga-
tion. Three of these wings had a taper ratio of 0.50 and quarter-chord
sweep singlesof 25°} 30°j and Ss”j whereas the fourth wing hd 30° of
sweep and a taper ratio of 0.20. The test Mach nuniberranged from dmut
0.80 to 0.94 with corresponding Reynolds nunibersranging frcm about

1.17 X106 to 1.2g X106.

SYMBOLS

The system of stability axes employed, together with an indication
of the positive direction of forces, momentsj and anglesj iS show in
figure 1. The center of moments is located at the 25-percent mesn aero-
dynamic chord of the wing. The symbols are defined as follows:

CL lift coefficient, Lift/qS

% pitching-moment coefficient, Pitching mmnent/qsE

ACD totsl drag coefficient minus drag coefficient at zero lift

~ dynamic pressure, PV2/2) lb/sq ft

c~ lift-curve slope

P angle of sideslipj deg

.-

.
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distance from plane of symmetry

diameter

mass density of air, slugs/cu ft

free-stresm veloci~, fps

wing Srea, Sq ft

aspect ratio, b2/S

wing

w-

wing

span, ft

2
J

b/2
mean aerodynamic chord,

so
c2dy, ft

*

chord at any spsnwise station, ft

wing-root chord, ft

wing-tip chord, ft

taper ratio

singleof stabilizer incidence, trailing edge down for positive
deflection, deg

angle of attack, deg

wing sweep angle about quarter-chord ltne, deg

Mach number of free stream

radius

MODEL DESIGNATIONS

w wing

F fuselage

v vertical tail

HH high-horizontal-tail configuration (0.65b/2 above chord plane)

HL low-horizontal-tail configuration (on chord plane)
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MODEL AND APPARATUS

Details of’the complete model as tested sre given in figure 2 and
a photograph of the model mounted on the sting-t~e support system is
shown as figure 3. With this sting-support system, the model canbe
remotely operated through an angle-of-attack range from about -20 to 240.
All wings were constructed of stainless steel, hadl?ACA 65AO04 airfoil

—

sections parallel to the free stresm, and hsd an aspect ratio of 3.
Tkwee of the wings had a taper ratio of 0.50 and quarter-chord sweep
angles of 250, 300, =d 35°; whereas the fourth wing had 300 of sweep
and a taper ratio of 0.20. The model couldbe tested with both a low-
s.ndhigh-horizontal-tail arrangement. The low horizontal tail, with
incidence fixed at 0°, was mounted on the center line of the fuselage
which was in the plane of the wing chordj whereas, the high horizontal

—

tail (with possible C@ and -6o incidence settings) was mounted on the
vertical tail as a T-tail configuration. The high tail was 3.39 inches
above the wing chord plane, which corresponds to about 65 percent of
the wing semispan. The fuselage had a fineness ratio of 10.94 and was
constructed of stainless steel. Its geometric characteristics, ticluding
afterbody ordinates, are given in figure 4! A s&-component electricsJ- d
strain-gage bslance was mounted fnternall.yin the fuselage to measure
the forces snd mcmetis presented herein.

P

TESTS AND CORRECTIONS
.

Tests were made in the Langley high-speed 7- by 10-foot tunnel
through a Mach number range from about 0.80 to 0.94, which corresponds

to a Reynolds nuriberrsnge from about 1.17 X 106 to 1.29 X 106 based on
a wing me~ aero~mic chord of 0.299 foot. Angles of attack from -20
to 240 were obtained at the lower Mach ntiers. me me-of-attack
range at M = 0.94 was Umited, in general, to about 15° so as not to
exceed the msximum design load of the balance. No evidence of tunnel
choking occurred.at the highest Mach number and angle of attack. Jet-
boundary corrections determinedly the method of reference 2 and blocking
corrections by the method of reference 3 were negligible and, therefore,
were not applied to the data. The sngle of attacls,however, haa been
corrected for deflection of the sting-support system and balsnce under
load.

RESULTS AND DISCUSSION

Presentation of Results

Aerodynamic characteristics of the various model configurations are
presented as follows:
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Figures

Basic data:
Ac/4=250, ~=O. ~0 . . . . . . . . . . . . ...=.... 5t07

At/4 = 30°, A= 0.50and 0.20 . . . . . . . . . . . . . ..8to I-o

b/4 = 350, x=o.~o . . . . . . . . . . . . . . . . ..*. llto13

Fuselage alone . . . . . . . . . . . . . . ...=.. . . . 14

Summary of aerodynamic characteristics:
Effect of wLng plan form on c~, tail off . . . . . . . . ● 15

Effect of wing plan form on drag due to lift, tail off . . . 16
Effect of tail height on pitching-mcment characteristics . . 17
Effect of tail height and wimg plan fomn on the shape of
pitching-moment curves . . . . . . . . . . . . . . . . . ● 18

Effect of tail height on aerodynamic center . . . . . . . . . 19

The basic drag polars have not been presented inasmuch as the balsmce
drag gages were not sufficiently sensitive to measure accurately the small
forces encountered at zero Mt. ~is deficiency, however, is not
believed to affect the validity of comparisons of the drag due to lift
for the vsrious wing plan forms.

Lift and Drag Characteristics

Lift-curve slopes averaged over a lKt-coefficient range of *O.1O
are presented in figure 15 for the range of wing-plan-form variables
tivestigated. Throughout the Mach nuniberrange, no particularly sig-
nificant changes in aCL/~ are evident. However, the 30° swept wing

having a taper ratio of 0.20 provides some increase in lift-curve slope
(as would be expected from ref. 4) over that obtained with the other plan
forms throughout most of the Mach nuniberrange.

The drag due to lift through the Mach nmbey ramge and for the range
of plan-form vsriables investigated is presented for the tail-off config-
urations in ftgure 16. Also shown in fi~e 16 (M = 0.80) is the theo-
retical induced drag CL2/YCA. It will be noted that the drag is consid-
erably higher than theory for all the plan forms tested, probably because
of the leading-edge separation associated with the sharp leading edges of
these thin wings. The effect of sweep on the drag due to lift is as would
be expected - that is, an increase with - ficrease in wiu sweep ttio@-
out the Bkch number range - since it is the component of the flow normal
to the wing that determines to a large extent the chordwise pressure dis-

. tributions (ref. 5) and thereby the separation effects. The 30° swept
wing with a taper ratio of 0.20 indicated considerable increases in drag
due to lift over that which was realized with wings having a taper ratio

< of 0.50 below a Mach nmber of 0.%. This is probably due, in part at
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least, to the fact that the leading-edge sweep is greatest for this wing
and, therefore, has a greater effect on the leading-edge separation.

4
—

r
Longitudinal Stability Characteristics

The data presented in figures 5 to 13 show, in general, that, for the
range of wing plan forms and horizontal-tailheights investigated,non-
linearities in the pitching-moment curves of the familiar pitch-up type

—-

existed throughout the Mach nmnber range. In order to provide a more
direct comparison of the effects of tail height on these nonlinesxities
in the pitching-moment curves for the various wing plan forms, comparisons
of the data are presented in figure 17 for Mach numbers of 0.80 and 0.9$.
The results indicate considerably less stability contributed by the low
tail thsn by the high tail at low angles of attack, probably because of
the fact that the low tail is in a stronger downwash field tham the high
tail. At moderate angles of attack, the stability contributed by both
the high and low horizontal tails is somewhat comparable. At angles of
attack above approximately 16°, however, the pitchbg moment contributed
by the high tail decreases rapidly, and results in a pitch-up for the caa-
plete conf~dionj whereas the low-tail configuration retains its sta-
bility up to the hi@est angle of attack tested. This is due to the fact

d

that the high tail has moved down into the wing wake where the downwash
and loss of dynamic pressure reduce the tail effectiveness, whereas the
low tail is moving away from the wing wake.

t
Inasmuch as the tail is

carrying considerable load at angles of attack corresponding to the
pitch-up and, therefore, is susceptible to the effects of any losses in

.

dymunic pressure, and inasmuchas the configurationswere considerably
out of trim at these angles of attack, some additional tests were made
with the stabilizer set at -60 incidence which trims the configuration
in the region of the pitch-up. The results..arepresented in figures 7(d),
10(d), and 13(d). These results indicate that the pitch-up is less severe

—

when the tail loads are reduced and that the pitch-up for it = 0° is,
therefore, caused in part by a loss in dynamic pressure with increasing
angle of attack. The high-tail configurationsresulted in pitching-
moment curves which are considerably more linear than those of the tail-
off configurations (fig. 17 or basic data) which have rather abrupt
changes in stability at moderate angles of attack. This fact indicates
that a rather abrupt increase in downwash occurs in this angle-of-attack
range as the high tail moves into the @.ng wake. This type of downwash
variation is illustrated in figure u of reference 6. It.shouldbe
pointed out, however, that the high tail has a rather large static mar@n
(see fig. 17)and if the tail size had been reduced to provide a more
conventional static margin, the stability curve probably would not have
been so nearly linear. *

It will be noted that there was a rather large out-of-trim (nose up)
pitching moment for the high-tail configuration at zero lift, which P
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. corresponds to about 1.5° of flow Sngul=ity. ‘I%isapparently is due to
the flow field around the rear end of the fuselage, inasmuch as unp*-
Iished wing-off tests of another tail plan form in the ssme relative

w position indicate approximately the same sngle. The low tail which was
mounted in a symmetrical position with respect to the fuselsge provided
almost no pitching mcsnentat zero angle of attack.

In oral= to illustrate further the effects of tail height and wing
plan form on the pitching-moment behavior, data sre presented in fig-
ure 18 for all configurations of tail height and wing plan form at Mach
numbers of 0.80 and O.~ with the initial pitching-moment-curve slope
adjusted to the constant value of -0.05. In relation to the pitch-up
problem in the speed range investigated, no very definite improvement
with variations in sweep or taper ratio is realized from the tail-off
moment curves presented in figure 18(a). It canbe seen that slight
destabilizing tendencies occurred in a fairly low-Mft-coeffici~t range
at a MAch number of 0.80 for all the plan forms investigated except for
the wing with 35° of sweep which provided about the most linear pitching-
moment curve at a Mach number of 0.80. As the &h number increased,
however, 35° of sweep produced m undesirable jog in the moment curve,
which is just about coincident with the break in the lift curvem
(fig. U(a)). Slight destabilizing tendencies at a &ch number of O.~
also occurred in the moment curves for the 30° sweptback -s having

i taper ratios of 0.20 and O.~j however, these destabilizing trends sre
present well shove the lift break and maybe in the region of strong
buffet.

The addition of a luw horizontal tail, which was located in the
plane of the wing chord, did not slter appreciably the destabilizing
tendencies noted in the tail-off curves. (Compare fig. 18(a) with
fig. 18(b).) At a Mach number of 0.80, 35° of sweep provides about the
most nearly linear pitching-moment c~vesj however, at a Wxh rumber
of O.%, a sudden unstable break occurred but at a slightly tighm Mft .
coefficient thsn for the tail-off case. Destabilizingcharacteristics
were noted also at M = O.~ for the wings with~o of sweey having taper
ratios of 0.20 and 0.50. The 25° swept wing at a Mach number of 0.80 has
an unstable tendency well below the lift break} followed by a pron~ced
incre=e in stability. At a Mach number of O.%, however, no unstable
tendencies sre noted, although the pronounced stable bresk which occurred
at a fairly low lift coefficient is very evident. The characteristics
noted for the 250 swept wing with the low-tail configuration were, in
general, similar to those of the tail-off condition.

With the horizontal tail located as a T-tail configuration or about
* 65 percent of the wing semispan above the wing chord plane extended, the

pttching-moment curve at a Mach number of 0.80 indicates abrupt instabil-
ity as the tail enters the wing wake at fairly high lift coefficients

< (fig. 18(c)). This abrupt instable change in pitching moment encountered
for all wings is preceded, however, by a pronounced stable break which is
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.

in turn well above the lift break and into a probable buffet zone. As
the Mach number was increased to O.*, unstable trends again occurred;

.

and for all plan forms, except possibly the 25° swept wing, these trends
are present below the lift break. ?

Basic fuselage-alone data zme presented in figure 14. The fuselage
becomes more unstable with increasing lift coefficient and appears to

.-=

have no abrupt breaks through the speed rsnge investigated. It would
seem logical to assume, therefore, that the irregularitiesassociated

—

with the basic wing-fuselage pitching-moment curves (figs. 5 to 13) can
be due to wing characteristics.

Longitudinal-stabilityparameters N@L for all configurations
of tail heights in conjunction with the various wing plan forms are pre-

—

sented in figure 19. The slopes ~aCL have been averaged over a
lift-coefficientrange from about CL = 0.10 to CL = -0.10. The low-
tail configuration provided little stability in the low Mach number raige; “-
and for all wing plan forms tested, except the 30° swept wing having a

—

taper ratio of 0.20, the low tail provided & negative effect at the higher
Mach numbers. The low-tail contribution to stability for the 30° swept
wing having a taper ratio of 0.20 was small but positive and constamt

—

throughout the Mach nuniberrange. The tail contribution to stshility pro-- ““ “-
“vialedby the high horizontal tail w= about constant throughout the Mach
number rsmge for the range of variables investigated. F

CONCLUSIONS

The results of an investigation to determine some effects of tail
height and wing plan form on the static longitudinal stability character-
istics at high subsonic speeds of a small-scalemodel incorporating
4-percent-thick wings with various taper ratios (A = 0.20 and 0.50) snd
quarter-chord sweep angles (At/4 = 25°, no, and 35°) indicate the
following conclusions:

1. The drag due to lift increases with increasing sweep through the
Mach rnmnberrange. Some increases in drag due to lift are indicated with
a decrease in taper ratio for wings having 300 of sweep through most of the
Wch nunber range.

2. In relation to the pitch-up problem through the speed range inves-
tigated, no very definite advantage of any of the wing plan forms was
realized for the tail-off configurations. ~

.

3. At 10W Mach numbers (M . 0.80), the high-tail arrsagement (65 per- -
cent of the semispan above wing chord plane) provides, in general, the most
nearly linear pitching-moment curves at angles of attack below approxi- F-
mately 16° for SLI wing plan forms. Unstab&e breaks occurred above this
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angle of attack for all wing plan forms at the lower Mach numbers, but
not at the highest test Mach number. The low-tail arrangement provides,
in general, stable breaks and fairly linear pitching-moment curves above
an smgl.eof attack of approximately 4° for all wing plan fonns at the
low Mach numbers but not at the highest test Mach nmnber.

Langley Aeronautical Laboratory,
National Advisory Conmittee for Aeronautics,

La@ey Field, Vs., June 23, I@.
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